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plurality of robots, the calibration device is configured to
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CPC ... B257 9/1692; B25J 9/162; B25J 13/081,
B257 19/023; B2579/1612; B25] 9/0084;
B257 9/1664 6 Claims, 9 Drawing Sheets
1
///
118 11X
S I 10 /
| \ L4
i s .
o e S g
(Y [y L
( ‘/\ 162 14 Y 4 SN 102 14l
b P T A o R ‘ SN . N
20 101 135 101 dbl SRR —l 101 ] 2\37 20
I RN I |l
= / ”@E’ DL {0 wa
12 12 12



US 9,156,160 B2
Page 2

(56)

6,356,807
6,408,252
6,516,248
7,979,159
8,457,786
2005/0027394
2005/0273198
2005/0273199
2008/0221733

U.S. PATENT DOCUMENTS

BL*
BL*
B2 *
B2 *
B2 *
Al*
Al*
Al*
Al*

References Cited

3/2002 McGee et al.

6/2002 De Smet

2/2003 McGee et al.
7/2011 Fixell .........
6/2013 Andersson

2/2005 Grafet al.

12/2005 Bischoff ..
12/2005 Banetal. .....
9/2008 Morrow et al.

2010/0161125 Al*
2012/0078418 Al*
2012/0323357 Al*
2012/0323363 Al*

................ 700/253
.. 702/94
. 700/254
... 700/251
.... 700/245
.... 700/245
... 700/248
... 700/248
............... 700/258

* cited by examiner

6/2010 Aobaetal. ........ccoeuen. 700/254
3/2012 Borm et al. ... 700/254
12/2012 Izumi et al. ... ... 700/228
12/2012 Tzumi etal. .....cocovnenen 700/248
OTHER PUBLICATIONS

Extended European Search Report for corresponding EP Application
No. 14157577.9-1807, Jan. 26, 2015.

Chinese Office Action for corresponding CN Application No.
201410099392.1, Jun. 3, 2015.



US 9,156,160 B2

Sheet 1 of 9

Oct. 13, 2015

U.S. Patent

A b £l G
/ ngae AR ER FE

ﬁL i f AT o dESF o
=_J mw ................ } , wmw ............... 51 m,,ww .............. m.;w, w wg 74

/ h f
\AFT i .l
¢ nmuﬁ 201 / e ) ﬁ\w, vy 20t /\,,,M py 20 /xw.._ AEHL@U
....... o { . \w!Y\f. ¢ ?..,Kﬂée..v\sra o /u\-,w/ fw
mm Hmﬁxjﬂ . uuﬁxstf J UHH\/J\;\,\, uwmml%w P, M
| c01 m P S eor x| ot N

) ¥ [ ¥ ; é 1
J 0l oL oL/ 0%

e L ait il

N
.




U.S. Patent Oct. 13, 2015 Sheet 2 of 9 US 9,156,160 B2

1

W

20

~104

1ih g-ga



US 9,156,160 B2

Sheet 3 of 9

Oct. 13, 2015

U.S. Patent

0404

BOIABD
HOREOIINULLOT

§

Gt

SDIABP |OSU0D
3040y

&

3
o

H
7

il

i03BIgHED

A%
ABOIION

&

¥

20IABP
ORI LUINUIU G

o
vEi Jayoiuon

Wik

&

ACSUBE J9EET]

/

{
ot

A

e

IOSUBS
2040} JOUL]

s
)
4
£




U.S. Patent Oct. 13, 2015 Sheet 4 of 9 US 9,156,160 B2




U.S. Patent

Oct. 13, 2015

Sheet 5 of 9

‘}/Jf \\\ %
\ : o
84t 884 7

55

US 9,156,160 B2



U.S. Patent

Oct. 13,2015 Sheet 6 of 9

{ Start )

Calibration processing of robot
{single robot calibration)

US 9,156,160 B2

~810

R

™ u,.}'g s
I K
N G

: Adiacent robot exists?
M”Mﬂ

Hand over jig

- S516

Calibration processing of the robot

to which the jig has been handed over

518

(_End.




US 9,156,160 B2

Sheet 7 of 9

Oct. 13, 2015

U.S. Patent




U.S. Patent Oct. 13, 2015 Sheet 8 of 9 US 9,156,160 B2

§ N
mi\ o B
e
R T 1

W =

NE

o =

gy ‘T

& TD

20
[ |50




U.S. Patent Oct. 13, 2015 Sheet 9 of 9 US 9,156,160 B2

5
H { i
1237 1122

_______________

nnnnnnnnnnnnnnn




US 9,156,160 B2

1

ROBOT SYSTEM, CALIBRATION METHOD,
AND METHOD FOR PRODUCING
TO-BE-PROCESSED MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 to Japanese Patent Application No. 2013-053528, filed
Mar. 15, 2013. The contents of this application are incorpo-
rated herein by reference in their entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to a robot system, a calibra-
tion method, and a method for producing a to-be-processed
material.

2. Discussion of the Background

Japanese Patent No. 3632278 discloses a robot system in
which two adjacent robots cooperate to work in an attempt to
improve production efficiency. The robot system according to
Japanese Patent No. 3632278 calculates a coordinate trans-
formation matrix between the plurality of robots using a
reference point.

SUMMARY

According to one aspect of the present disclosure, a robot
system includes a plurality of robots, a control device, a
common work table, and a calibration device. The control
device is configured to control the plurality of robots. On the
common work table, the plurality of robots are configured to
work. Based on a position of a first robot having a calibrated
coordinate relative to a position of a second robot among the
plurality of robots, the calibration device is configured to
calibrate a coordinate of the second robot.

According to another aspect of the present disclosure, a
calibration method includes, based on a position of one robot
having a calibrated coordinate relative to a position of another
robot among a plurality of robots, calibrating a coordinate of
the another robot, the plurality of robots being is configured to
operate using a common work table by a control device.

According to the other aspect of the present disclosure, a
method is for producing a to-be-processed material processed
on a common work table by a plurality of robots operated by
a control device. Based on a position of one robot having a
calibrated coordinate relative to a position of another robot
among the plurality of robots, a coordinate of the another
robot is calibrated. The to-be-processed material is processed
using calibrated coordinates of the plurality of robots.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present disclosure
and many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings, wherein:

FIG. 1is a schematic side view of a robot system according
to a first embodiment;

FIG.2is aside view of one cell included in the robot system
shown in FIG. 1;

FIG. 3 is a block diagram illustrating a function of a con-
troller shown in FIG. 2;

FIG. 4 is a perspective view of a calibration jig;
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FIG. 5is aperspective view of the jig for calibration viewed
from the direction A shown in FIG. 4;

FIG. 6 is a flowchart of a procedure for a calibration
method for a robot coordinate system;

FIG. 7 is a schematic diagram illustrating a calibration
procedure;

FIG. 8 is a schematic diagram illustrating a calibration
procedure according to a second embodiment; and

FIG. 9 illustrates a robot and movable robot included in a
robot system according to the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

The embodiments will now be described with reference to
the accompanying drawings, wherein like reference numerals
designate corresponding or identical elements throughout the
various drawings.

First Embodiment

The robot system according to this embodiment is a system
to calibrate a coordinate system (robot coordinate system)
used to operate a robot. Exemplary applications of the robot
system include, but are not limited to: work of teaching the
robot (its position relative to the work table) before the system
activates; and moving the robot relative to the work table. A
possible example of the robot system according to this
embodiment is a robot system to process a single part and a
combination product of a plurality of parts, or a semi-finished
product such as a workpiece (to-be-processed material). For
ease of description and understanding, the following descrip-
tion takes as an example what is called a cell production
system, in which robots accommodated in cells perform vari-
ous kinds of work such as processing and assembly. The
to-be-processed material may be any articles subject to pro-
cessing such as conveyance and fitting in robot systems.
Examples of the to-be-processed material include, but are not
limited to, parts such as bolts, substrate assemblies for elec-
tronic use, automobiles, and processed food.

FIG. 1is a schematic side view of a robot system 1 accord-
ing to the embodiment. As shown in FIG. 1, the robot system
1 according to this embodiment is a robot system including
movable cells 11 (cell 11A, cell 11B, cell 11C, . . ., cell 11X)
of'the same configuration. The cells 11 are coupled together to
constitute a production line.

In each of the cells 11, a robot 10 is disposed to perform
various kinds of work on a workpiece W. The robot 10
includes a robot arm 101. To the distal end of the robot arm
101, atool 102 is mounted. The tool 102 is capable of holding
a to-be-processed material or another object. The tool 102 is
an end effector such as a hand. A plurality of sensors may be
mounted to the distal end of the robotarm 101. In this embodi-
ment, an inner force sensor 103 is disposed between the distal
end of the robot arm 101 and the tool 102. The tool 102
includes a laser sensor 120 capable of measuring the distance
to an object. Details of these sensors, including their opera-
tions, will be described later.

Each of the cells 11 accommodates an individual work
table 14 and a controller 12 to control the robot 10. The
controller 12 is coupled to the robot 10 through a cable har-
ness 13. The robot 10 and the controller 12 may be coupled to
each other wirelessly, or the controller 12 may be built in the
robot 10.

The cell 11A is disposed at an uppermost stream position
on the production line, and receives a workpiece (to-be-pro-
cessed material) W placed on a common work table 20. The
common work table 20 is a work table shared among the
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plurality of robots 10. The robot 10 (uppermost stream robot)
accommodated in the uppermost stream cell 11 A receives the
common work table 20, places the workpiece W onto the
individual work table 14, processes the workpiece W, and
forwards the common work table 20 to the robot 10 accom-
modated in the cell 11B. The robot 10 accommodated in the
cell 11B receives the common work table 20, places the
workpiece W onto the individual work table 14, processes the
workpiece W, and forwards the common work table 20 to the
robot 10 accommodated in the cell 11C. This operation is
sequentially repeated until the robot 10 (lowermost stream
robot) accommodated in the cell 11X, which is disposed at a
lowermost stream position, receives the common work table
20 and performs predetermined processing. Then, the com-
mon work table 20 and the processed workpiece W are con-
veyed out of the cell 11X.

Next, an internal configuration of each cell 11 will be
described in detail by referring to FIG. 2. FIG. 2 is a side view
of one cell included in the robot system 1 shown in FIG. 1.
The cell 11 includes casters 11a and stoppers 115 on the lower
surface of the frame. The casters 11a and the stoppers 115
facilitate the movement and fixation of the cell 11. The outer
wall on the front side of the cell 11 is where the following
elements, not shown, are collectively disposed: an opening
through which the workpiece W is supplied and taken out; a
monitor on which to check the work status of the robot; and
various gauges and switches. This ensures that the operator
only needs to be positioned on the front side of the cell 11
when operating the robot system 1. Each outer wall of the cell
11 has a window (not shown) on a part of the outer wall. The
window is made of polycarbonate superior in transparency
and impact resistance, and thus enables the operator to check
the work status through the window.

As shown in FIG. 2, the robot 10 includes a base 105 and
the robot arm 101. The base 105 is secured on a mount 104.
The robot arm 101 extends upward from the base 105.

The robot arm 101 is made up of six arms coupled to each
other, namely, a first arm 106, a second arm 107, a third arm
108, a fourth arm 109, a fifth arm 110, and a sixth arm 111, in
the order from the base end (base 105) side. Each of these
arms accommodates an actuator to drive the arm into rotation
as indicated by the two-headed arrows shown in FIG. 2 at
joints where the arms are coupled to each other.

At the distal end of the robot arm 101, the tool 102 is
disposed. The tool 102 is driven into rotation by the actuator
accommodated in the sixth arm 111, which is at the distal end
of the robot arm 101. In this embodiment, the tool 102 is a
hand capable of holding a to-be-processed material. In the
tool 102, an actuator is disposed to drive a pair of holding
claws 102a, which are mounted to the distal end of the tool
102. Examples of the holding claws 1024 are two rectangular-
parallelepiped shapes with holding planes opposed to each
other to hold the to-be-processed material. The side surfaces
of the holding claws 102a are planes orthogonal to the two
holding planes. The plane of the tool 102 on which the hold-
ing claws 102a are upright is orthogonal to the holding planes
and to the side surfaces of the holding claws 102a. That is, the
hand has three planes orthogonal to each other.

Between the tool 102 and the sixth arm 111, which is at the
distal end of the robot arm 101, the inner force sensor 103 is
disposed. The inner force sensor 103 is what is called a 6-axis
inner force sensor, which is capable of simultaneously detect-
ing a total of six components, namely, force components in
translational three axial directions to act on a detection por-
tion and moment components about rotational three axes.

An example of the controller 12 is a computer including an
arithmetic operation device, a storage device, and an input-
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output device. The controller 12 outputs an operation com-
mand to control operation of the robot 10. Specifically, the
controller 12 is coupled to the actuators of the robot 10
through the cable harness 13, and drives the actuators using
the operation command, thus controlling operation of the
robot 10. Under the control of the controller 12, the robot 10
operates the first arm 106, the second arm 107, the third arm
108, the fourth arm 109, the fifth arm 110, the sixth arm 111,
the tool 102, and the holding claws 102a. The controller 12 is
also coupled to the inner force sensor 103 and the laser sensor
120 through the cable harness, and thus is capable of detect-
ing the state of the tool 102.

The operation command that the controller 12 outputs is a
command to activate a program that operates the robot 10 or
a combination job of commands to activate programs that
operate the robot 10. For example, a command to hold the
to-be-processed material on the holding claws 1024, a com-
mand to press the tool 102 against a predetermined position,
and other commands are set in advance as the operation
command.

A function of the controller 12 will be described by refer-
ring to FIG. 3. FIG. 3 is a block diagram illustrating a function
of the controller 12. As shown in FIG. 3, the controller 12 is
coupled to the inner force sensor 103, the laser sensor 120,
and the controller of another robot 10. The controller 12
includes a calibrator (calibration device) 112, a robot control
device 113, and a communication device 115.

The robot control device 113 controls the robot 10 using
robot coordinates. Before the operation of processing the
to-be-processed material, the robot control device 113
presses the tool 102 against a calibration jig or a work table 30
s0 as to control the robot 10 to perform a calibration opera-
tion. The calibration operation is an operation of calibrating
the origin and coordinate axes of the coordinate system of the
robot 10. With pressing control, the robot control device 113
effects a plane-to-plane contact to fix the posture and position
of the robot 10. In this manner, the robot control device 113
determines the position of the robot 10. The pressing control
may be implemented using the inner force sensor 103, for
example.

The calibrator 112 inputs the position of the tool 102
detected using the inner force sensor 103 or the laser sensor
120. For example, the calibrator 112 calculates a line of action
of force from the force and moment detected by the inner
force sensor 103, and derives as a contact position an inter-
section point between the line of action of the force and the
surface of the robot 10 or another element. The calibrator 112
inputs as a reference position a contact position of, for
example, the tool 102 that has performed a calibration opera-
tion. Then, the calibrator 112 calculates the amounts of dis-
placement between the position at the teaching time and the
reference position. The amounts of displacement that the
calibrator 112 calculates include, for example, the amounts of
displacement in the x, y, and z directions, and the amounts of
displacement in the directions of rotation about the x axis,
about the y axis, and about the z axis. Then, the calibrator 112
uses the amounts of displacement to calibrate the position of
the origin and the coordinate axes at teaching time. In this
manner, the calibrator 112 calibrates the robot coordinates
that the robot 10 uses. Specifically, in accordance with the
reference position, the calibrator 112 changes the coordinate
system that the robot uses.

The communication device 115 is capable of receiving
information for the drive control of the robot 10 through
communication. The communication device 115 stores the
received information in a recording medium included in the
controller 12. As necessary, the robot control device 113
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refers to the recording medium to use the information
acquired through communication.

Next, a jig used in the calibration processing will be
described. FIG. 4 is a perspective view of a calibration jig.
The jig is handed over between the robots 10 and used when
a coordinate calibration result of one robot 10 is used to
calibrate the coordinate system of another robot 10. FIG. 5 is
a perspective view of the jig from the A direction shown in
FIG. 4.

AsshowninFIGS. 4 and5, ajig50 has a plurality of planes.
The jig 50 has protrusions of approximately T-shapes when
viewed from the arrow A direction and the arrow B direction
shown in FIG. 4. This enables two robots 10 to simulta-
neously hold the jig 50. One of the approximately T-shaped
protrusions is rotated by 90 degrees about a rotation axis
extending in the arrow A direction and the arrow B direction
relative to the other approximately T-shaped protrusion. The
rotational angle of the approximately T-shaped protrusions
may not necessarily be 90 degrees; any other angle is pos-
sible. Additionally, it is only necessary to provide at least one
approximately T-shaped protrusion.

As shown in FIG. 4, the jig 50 includes, for example, a
rectangular parallelepiped base member 55, a rectangular
parallelepiped first member 51, and a rectangular parallelepi-
ped second member 52. The rectangular parallelepiped first
member 51 and the rectangular parallelepiped second mem-
ber 52 are disposed upright on a main surface of the rectan-
gular parallelepiped base member 55. The first member 51
has a side surface 51a and side surfaces 516 and 51c¢. The side
surface 51q is along the y-z direction, while the side surfaces
515 and 51c¢ are along the z-x direction. The second member
52 has a side surface 52a, an upper surface 525, and a lower
surface 52¢. The side surface 524 is along the y-z direction,
while the upper surface 526 and the lower surface 52¢ are
along the x-y direction. Similarly, as shown in FIG. 5, the jig
50 includes, for example, a rectangular parallelepiped third
member 53 and a rectangular parallelepiped fourth member
54. The rectangular parallelepiped third member 53 and the
rectangular parallelepiped fourth member 54 are disposed
upright on a main surface of the rectangular parallelepiped
base member 55. The third member 53 has a side surface 53a
and lower surfaces 536 and 53¢. The side surface 53a is along
the y-z direction, while the lower surfaces 536 and 53¢ are
along the x-y direction. The fourth member 54 has a side
surface 54a and side surfaces 545 and 54c¢. The side surface
54a is along the y-z direction, while the side surfaces 545 and
54c¢ are along the z-x direction.

Two robots 10 respectively hold the second member 52 and
the fourth member 54 to simultaneously hold the jig 50.
Assume that a first robot 10 is done with calibration. Then, the
first robot 10 is able to accurately hold the jig 50 and accu-
rately move the jig 50 to a predetermined position. In this
manner, the first robot 10 is able to determine the position of
the jig 50. A second robot 10 determines the three mutually
orthogonal planes as contact reference positions for the force
control, and calibrates the displacement of the accurately
positioned jig 50 relative to the reference positions.

For example, the second robot 10 holds the second member
52 by force control. In this state, the second robot 10 performs
force control to bring the plane of the tool 102 of the second
robot 10 on which the holding claws 102a are upright into
contact with the side surface 51a of the first member 51 and
the side surface 52a of the second member 52. Further, the
second robot 10 performs force control to press the side
surfaces of the holding claws 1024 of the second robot against
the side surfaces 515 and 51¢ of the first member 51. Thus, the
second robot 10 presses the three mutually orthogonal planes
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of the tool 102 against the jig 50 while holding the approxi-
mately T-shaped protrusion. In this manner, the second robot
10 determines its posture and position. The second robot 10 is
able to recognize the amount of displacement between the
coordinate system of the first robot 10 and the coordinate
system of the second robot 10 itself. Then, the second robot
10 makes the origin position and coordinate axes of its coor-
dinate system agree with the coordinate system of the first
robot 10. Thus, the calibration completes.

The calibrator 112 may use another method in performing
the calibration. For example, it is possible to use the laser
sensor 120, which is capable of measuring distances from the
tool 102, to acquire as reference positions measurement
results (for example, distances to an adjacent robot) at x, ,
and z positions.

Next, a calibration method of the robot system 1 will be
described by referring to FIGS. 6 and 7. FIG. 6 is a flowchart
of operations in the calibration method, and FIG. 7 is a sche-
matic diagram illustrating the calibration method. The fol-
lowing description will exemplify the tool 102 as a hand.

As shown in FIG. 6, the cell 11A, which is disposed at the
uppermost stream position on the production line, is cali-
brated first of all (S10). This calibration is performed on a
single robot 10 basis, and any method is possible. For
example, it is possible to visually check the position of the
robot 10 relative to the common work table 20 and teach the
position. It is also possible for the calibrator 112 in its cali-
bration to press a tool 102 having three mutually orthogonal
planes against a jig having three mutually orthogonal planes.
When the processing at S10 ends, the process proceeds to
adjacent robot determination processing (S12).

In the processing at S12, the robot control device 113
determines whether an adjacent robot (adjacent robot) 10
exists based on an output signal from the sensors in the cell 11
or based on information received from the communication
device 115. When in the processing at S12 the robot control
device 113 determines that no adjacent robot exists, then the
control processing shown in FIG. 6 ends. When in the pro-
cessing at S12 the robot control device 113 determines that an
adjacent robot exists, then the process proceeds to calibration
confirmation processing (S14).

In the processing at S14, based on information received
from the communication device 115 or other information, the
robot control device 113 determines whether the adjacent
robot is done with the calibration processing. When in the
processing at S14 the robot control device 113 determines
that the adjacent robot is done with the calibration processing,
the control processing shown in FIG. 6 ends. When in the
processing at S14 the robot control device 113 determines
that the adjacent robot is not done with the calibration pro-
cessing, the process proceeds to jig hand-over processing
(S16).

Inthe processing at S16, the robot control device 113 hands
the calibration jig over to the adjacent robot. For example,
assume that the robot 10 in the cell 11B, which is adjacent to
the robot 10 in the uppermost stream cell 11A, is not done
with calibration. In this case, as shown in FIG. 7, the robot 10
in the uppermost stream cell 11 A holds the calibration jig 50
and moves the jig 50 to a hand-over position. The hand-over
positionis aplace set in advance in the robot 10 inthe cell 11A
and intherobot 10 inthe cell 11B. Therobot 10 in the cell 11A
is already done with the calibration in the processing at S10,
and thus able to accurately determine the position of the jig
50. Next, the robot 10 in the cell 11B moves its tool 102 to the
hand-over position to have the tool 102 hold the jig 50, and
performs force control to press the three mutually orthogonal
planes of the tool 102 against the jig 50, thus determining the



US 9,156,160 B2

7

reference positions. The information about the reference
positions may be acquired at the inner force sensor 103. When
the processing at S16 ends, the process proceeds to calibra-
tion processing (calibration step) (S18).

In the processing at S18, in the robot 10 to which the jig 50
has been handed over, the calibrator 112 calibrates the robot.
For example, the calibrator 112 compares the reference posi-
tions acquired in the processing at S16 with reference posi-
tions that are based on the coordinate system of the robot 10.
When the comparison shows a difference, the calibrator 112
changes the coordinate system of the robot 10 into agreement
with the coordinate system of the robot 10 from which the jig
50 has been hand over. For example, the calibrator 112
changes the origin position and an axis direction. When the
processing at S18 ends, the process proceeds to the process-
ing at S12.

The jig 50 is sequentially handed over throughout the con-
trol processing at S12 to S18 until no adjacent robot is left or
all the robots are done with the calibration. At the time when
the jig 50 is handed over, data for calibrating the coordinate
system of the robot is generated, and the robot is calibrated
based on the data.

Thus, the control processing shown in FIG. 6 ends. The
control processing shown in FIG. 6 facilitates the calibration
of the plurality of robots 10 and makes the calibration auto-
matic. It is possible to perform the control processing shown
in FIG. 6 as an offline operation prior to processing of the
to-be-processed material. Thus, after the calibration process-
ing, the robot 10 processes and produces the to-be-processed
material (process step).

Incidentally, in what is called a cell production system,
every time a change is made in product lot, the layout also
changes by connecting or separating the cells. This necessi-
tates calibration processing every time the layout changes,
which is significantly laborious.

Contrarily, with the robot system 1 and the calibration
method according to the first embodiment, the position of one
calibrated robot relative to another robot is acquired by hand-
ing over the jig 50, and based on the acquired position, the
coordinates of the other robot are calibrated. This ensures
automatic calibration in response to a change in layout. Addi-
tionally, since the calibration is performed by handing over
the jig 50, it is not necessary to position the robot adjacent to
the reference point, providing a greater degree of freedom on
layout.

Second Embodiment

The robot system, the calibration method, and the method
for producing a to-be-processed material according to the
second embodiment are approximately similar to the robot
system, the calibration method, and the method for producing
ato-be-processed material according to the first embodiment.
The second embodiment is different from the first embodi-
ment in that the robot 10 is disposed on a carriage, and in the
form of the common work table 20. The following description
will be focused on the different respects, eliminating descrip-
tion of those matters recited in the first embodiment.

FIG. 8 is a plan view of a robot system 2 according to the
second embodiment. The following description will exem-
plify a production line as moving a workpiece from left to
right in FIG. 8. As shown in FIG. 8, the robot system 2
includes a plurality of robots 10 respectively disposed on
carriages 6A to 6E. The robot 10 disposed on the carriage 6A
is an uppermost stream robot, which is disposed at an upper-
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most stream position. The robot 10 disposed on the carriage
6F is a lowermost stream robot, which is disposed at a low-
ermost stream position.

Here, the robot 10 of the robot system 2 will be outlined by
referring to FIG. 9. FIG. 9 is a side view of the robot 10 and a
movable robot 5, illustrating these elements in detail. The
robot 10 operates in a similar manner to the manner in which
the robot 10 shown in FIG. 2 operates. The movable robot 5
includes a carriage 6 and drive wheels 8. The carriage 6
supports the robot 10 and accommodates control-related
devices. The carriage 6 accommodates, for example, a drive
source (not shown) to drive the drive wheels 8, and a control-
ler 12, described later, to perform operation control of the
robot 10 and the movable robot 5. A plurality of sensors may
be mounted to the carriage 6. In this embodiment, the carriage
6 is provided with an obstacle sensor 122 to detect an obstacle
in the travel direction. The carriage 6 is also provided with an
antenna 123 and other elements to provide wireless commu-
nication for information necessary in control. The movable
robot 5 is capable of traveling in the x-y direction by driving
the drive wheels 8. Also the movable robot 5 is capable of
stopping itself immediately before the work table 30 using the
obstacle sensor 122. The controller 12 not only controls the
robot 10 but also controls the movable robot 5. For example,
the controller 12 controls the movable robot 5 to move along
a travel path taught in advance.

Referring back to FIG. 9, the plurality of robots 10 share
the work table 20. That is, the plurality of robots 10 process
to-be-processed materials on the same work table 20. Since
the robots 10 are movable, another robot that is new to the
work table 20 may use the common work table 20. In this
case, the new robot needs calibration processing.

Thejig 50is disposed at one end (upstream) of the common
work table 20. Here, assume that the robot 10 on the carriage
6A is done with calibration. For example, when the calibra-
tion jig is fixed to the common work table 20, it is possible to
use the fixed jig for calibration. After the calibration, the robot
10 on the carriage 6 A picks up the jig 50 and hands the jig 50
over to the robot 10 on the carriage 6B. The calibration
processing at the time of handing over is similar to the cali-
bration processing in the first embodiment. This ensures cali-
bration of all the plurality of robots using the jig 50. Also in
this case, the jig 50 can be handed over within the reachable
range of the arm of the robot 10. This ensures calibration of,
for example, a robot that has not reached the common work
table 20, such as the robot 10 on the carriage 6B.

The transfer of the jig 50 may not necessarily be from one
end (upstream) to the other end (lower stream) of the common
work table 20. The transfer of the jig 50 may also be from the
other end (lower stream) to the one end (upstream) of the
common work table 20 individually or simultaneously with
the transfer from the one end to the other end of the common
work table 20, as shown in FIG. 8. In this case, for example,
the robot 10 on the carriage 6 A on the upper stream side hands
the jig 50 over to the robot 10 on the carriage 6B, while at the
same time the robot 10 on the carriage 6E on the lower stream
side hands the jig 50 over to the robot 10 on the carriage 6D.
Then, the robots (intermediate robots) that exist between the
robot 10 on the carriage 6 A on the upper stream side and the
robot 10 on the carriage 6E on the lower stream side may
calibrate the robot coordinate systems of the intermediate
robots themselves using an average value of the calibration
result (positional displacement) for the robot 10 on the car-
riage 6F on the lower stream side and the calibration result
(positional displacement) for the robot 10 on the carriage 6 A
on the upper stream side.
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Further, the jig 50 on the lower stream side may be fixed to
the common work table 20. The robot 10 on the carriage 6E on
the lower stream side calculates in its calibration the amount
of positional displacement using the jig 50 transmitted from
the upper stream side. Then, the robot 10 on the carriage 6E
may make a comparison for the operation using the result of
this calibration so as to evaluate (check) the amount of posi-
tional displacement in the case of using the jig 50 fixed to the
common work table 20.

With the robot system 2 and the calibration method accord-
ing to the second embodiment, the position of one calibrated
robot relative to another robot is acquired by handing over the
jig 50, and based on the acquired position, the coordinates of
the other robot are calibrated. This ensures automatic calibra-
tion in response to a change in layout. Additionally, since the
calibration is performed by handing over the jig 50, it is not
necessary to position the robot adjacent to the reference point,
providing a greater degree of freedom on layout.

The holding planes of the tool 102 each may have depres-
sions and protrusions insofar as an imaginary plane is ensured
(such as by positioning the tops of the protrusions at the same
height). Other planes that are not described in relation to the
tool 102 and the jig 50 may not necessarily be planes.

In the above-described embodiments, each of the robots 10
has an individual calibrator 112. When an upper device com-
municative to the controllers 12 of the robots 10 is available,
the upper device may function as a calibrator 112 to perform
calibration processing of the robots 10. It is also possible for
adjacent controllers 12 to communicate with each other to
control another controller 12 to perform the calibration pro-
cessing.

Obviously, numerous modifications and variations of the
present disclosure are possible in light of the above teachings.
It is therefore to be understood that within the scope of the
appended claims, the present disclosure may be practiced
otherwise than as specifically described herein.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A robot system comprising:

a plurality of robots arranged along a line;

a control device configured to control the plurality of

robots;

a common work table on which the plurality of robots are

configured to work; and

a calibration device configured to, based on a position of a

first robot having a calibrated coordinate relative to a
position of a second robot among the plurality of robots,
calibrate a coordinate of the second robot,

wherein the calibration device is configured to calibrate a

coordinate of an uppermost stream robot among the
plurality of robots based on a position of the uppermost
stream robot relative to a position of the common work
table, the uppermost stream robot being configured to
work at an uppermost stream position of the line, and the
calibration device is configured to calibrate a coordinate
of an intermediate robot among the plurality of robots
based on a position of the uppermost stream robot rela-
tive to the position of the common work table, the inter-
mediate robot being disposed at a lower stream position
on the line than the position of the uppermost stream
robot,

wherein the calibration device is configured to calibrate a

coordinate of a lowermost stream robot based on a posi-
tion of the lowermost stream robot relative to the posi-
tion of the common work table, the lowermost stream
robot being configured to work at a lowermost stream
position on the line, and the calibration device is config-
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ured to calibrate the coordinate of the intermediate robot
based on the position of the lowermost stream robot
relative to the position of the intermediate robot dis-
posed atan upper stream position than the position of the
lowermost stream robot, and

wherein the calibration device is configured to use a cali-

bration result of the uppermost stream robot and a cali-
bration result of the lowermost stream robot to calibrate
the coordinate of the intermediate robot.

2. The robot system according to claim 1, wherein the
calibration device is configured to calibrate the coordinate of
the first robot based on the position of the first robot relative
to the position of the common work table.

3. The robot system according to claim 2, wherein the
calibration device is configured to calibrate

a coordinate of a third robot among the plurality of robots

based on the position of the first robot relative to the
position of the second robot, and configured to evaluate
a calibration result of a last calibrated robot based on a
position of the last calibrated robot relative to the posi-
tion of the common work table.

4. The robot system according to claim 1, wherein the
calibration device is configured to calibrate a coordinate of a
third robot among the plurality of robots based on the position
of the first robot relative to the position of the second robot,
and configured to evaluate a calibration result of a last cali-
brated robot based on a position of the last calibrated robot
relative to the position of the common work table.

5. A calibration method comprising:

based on a position of one robot having a calibrated coor-

dinate relative to a position of another robot among a
plurality of robots arranged along a line, calibrating a
coordinate of the another robot, the plurality of robots
being configured to operate using a common work table
by a control device,

wherein the calibrating of the another robot includes:
calibrating a coordinate of an uppermost stream robot among
the plurality of robots based on a position of the uppermost
stream robot relative to a position of the common work table,
the uppermost stream robot being configured to work at an
uppermost stream position of the line, and calibrating a coor-
dinate of an intermediate robot among the plurality of robots
based on a position of the uppermost stream robot relative to
the position of the common work table, the intermediate robot
being disposed at a lower stream position on the line than the
position of the uppermost stream robot;

calibrating a coordinate of a lowermost stream robot based

on a position of the lowermost stream robot relative to
the position of the common work table, the lowermost
stream robot being configured to work at a lowermost
stream position on the line, and calibrating the coordi-
nate of the intermediate robot based on the position of
the lowermost stream robot relative to the position of the
intermediate robot disposed at an upper stream position
than the position of the lowermost stream robot; and

calibrating the coordinate of the intermediate robot using a

calibration result of the uppermost stream robot and a
calibration result of the lowermost stream robot.

6. A method for producing a to-be-processed material pro-
cessed on a common work table by a plurality of robots
arranged along a line operated by a control device compris-
ing:

based on a position of one robot having a calibrated coor-

dinate relative to a position of another robot among the
plurality of robots, calibrating a coordinate of the
another robot~ wherein the calibrating of the another
robot includes:
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calibrating a coordinate of an uppermost stream robot
among the plurality of robots based on a position of the
uppermost stream robot relative to a position of the
common work table, the uppermost stream robot being
configured to work at an uppermost stream position of 5
the line, and calibrating a coordinate of an intermediate
robot among the plurality of robots based on a position
of the uppermost stream robot relative to the position of
the common work table, the intermediate robot being
disposed at a lower stream position on the line than the 10
position of the uppermost stream robot;

calibrating a coordinate of a lowermost stream robot based
on a position of the lowermost stream robot relative to
the position of the common work table, the lowermost
stream robot being configured to work at a lowermost 15
stream position on the line, and calibrating the coordi-
nate of the intermediate robot based on the position of
the lowermost stream robot relative to the position of the
intermediate robot disposed at an upper stream position
than the position of the lowermost stream robot; and 20
calibrating the coordinate of the intermediate robot
using a calibration result of the uppermost stream robot
and a calibration result of the lowermost stream robot:
and

processing the to-be-processed material using calibrated 25
coordinates of the plurality of robots.
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